Glycosylation of penta-O-acetyl heptopyranosyl trichloroacetimidate with the 3-OH acceptor, methyl 2-O-benzyl-4,6-O-benzylidene-7,8-dideoxy--D-manno-oct-7-enopyranoside, gave the desired 1-3-linked disaccharide in a 94% yield. The oct-enopyranoside moiety of the disaccharide was converted to the heptoside by oxidative cleavage with osmium tetroxide/NaIO 4 and subsequent reduction with NaBH 4 . The resulting 1-3-linked heptose disaccharide was converted to a tricholoroacetaimidate derivative containing a benzoyl group at C-2. This donor was glycosylated with 2-(carbobenzoxyamino)-1-ethanol to give an spacer-linked disaccharide derivative in a 90% yield. Zemplén deacylation of the derivative and subsequent hydrogenolysis gave a 2-aminoethyl glycoside of heptopyranosyl(1-3)heptopyranose.
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1) LOS consists of an oligosaccharide and lipid A, and the oligosaccharide (OS) moiety is composed of a conserved core and a structurally variable region. The conserved core is a pentasaccharide, and N-acetyl-Dglucosamine (GlcNAc), two L-glycero-D-manno-heptose (Hep), and two 2-keto-3-deoxy-D-manno-octulosonic acid (KDO) residues are sequentially -glycosidically linked to form GlcNAc1-2Hep [ Our recent immunochemical study has revealed that the OS moieties of these two major branched LOSs contain the same partial structure that was recognized by anti-15253 LOS IgG.
2) It also indicated that the partial OS containing the 3,4-branched heptose was most likely involved in the major recognition site of the foregoing bactericidal 15253 IgG. In order to examine whether such OS structures are truly recognized by anti-LOS antibodies, chemically synthesized structures need to be conjugated to proteins or lipids. In preparing such conjugates of partial OS structures whose reducing end is Hep, a spacer needs to be stereospecifically -linked at the anomeric position, as found in the OS moiety of neisserial LOS. We chose in the present study to synthesize the model carbohydrate, Hep1-3Hep, and examined the -stereospecific introduction of a spacer at the reducing end of the Hep disaccharide.
Results and Discussion
Scheme 1 shows the synthesis of the heptose disaccharide, for which we respectively chose penta-Oacetyl heptopyranosyl trichloroacetimidate 2 and methyl 2-O-benzyl-4,6-O-benzylidene-7,8-dideoxy--D-mannooct-7-enopyranoside 3 as a donor and acceptor. Donor 2 was prepared in an 85% yield from methyl -L-glycero-D-mannoheptopyranoside 3) in three steps, acetolysis of the pyranoside, selective anomeric O-deacetylation of hexa-O-acetyl-heptopyranose 1 with hydrazine acetate (H 2 NNH 2 -AcOH) in DMF, and subsequent treatment of the resulting hemiacetal with trichloroactonitrile (CCl 3 CN) in the presence of K 2 CO 3 . Acceptor 3 was prepared in an 86% yield by 4,6-O-benzylidenation 4) of methyl 2-O-benzyl-7,8-dideoxy-octenopyranoside, 3) an intermediate for the synthesis of the mannoheptoside from methyl -D-mannoside.
Trichloroacetimidate donor 2 was glycosylated for 1 h at À10 C with acceptor 3 in CH 2 Cl 2 , using BF 3 . OEt 2 as a promoter, to give desired 1-3 linked product 3 in a 94% yield. The -selectivity of this glycosylation was reproducible; the average yield from several reactions was over 87%. The anomeric configuration of the nonreducing end was determined to be , based on the J C-1 0 ;H-1 0 coupling constant of 175 Hz. 5, 6) The 1-3 linkage was confirmed by comparing the 13 C-3 chemical shift of the acceptor (69.17 ppm) 4) with that of the dimer (73.44 ppm); the C-3 resonance of the latter was shifted downfield by 4.27 ppm. Also, the presence of the crossrelay peaks due to C-1 0 /H-3 and C-3/H-1 0 in the HMBC spectrum of 3 (data not shown) confirmed this linkage.
Oxidative cleavage of the exocyclic double bond of disaccharide 4 with osmium tetroxide/NaIO 4 , reduction of the resulting aldehyde with NaBH 4 in THF, and subsequent acetylation with pyridine and acetic anhydride gave 7-O-acetyl disaccharide 5 (Scheme 1). The overall yield of this disaccharide 5 from compound 4 was 80%. Hemiacetal acetate derivative 6 of the y To whom correspondence should be addressed. Tel/Fax: +81-857-31-6751; E-mail: yamasaki@muses.tottori-u.ac.jp Abbreviations: DBU, 1,8-diazabicyclo [5.4 .0]undec-7-ene; DQF-COSY, double-quantum filtered correlated spectroscopy; GlcNAc, N-acetyl-Dglucosamine; Hep, L-glycero-D-manno-heptose; HMBC, heteronuclear multiple bond correlation; HMQC, heteronuclear multiple-quantum correlation; KDO, 2-keto-3-deoxy-D-manno-octulosonic acid; LOS, lipooligosaccharide; LPS, lipopolysaccharide; OS, oligosaccharide; TMSOTf, trimethylsilyl trifluoromethanesulfonate disaccharide was prepared by acetolysis of compound 5 in a 94% yield. Trichloroacetimidate donor 7 was prepared in an 86% yield from 6 by selective anomeric de-O-acetylation (H 2 NNH 2 -AcOH in DMF) and a subsequent treatment with CCl 3 CN in DMF for 1 h at room temperature in the presence of 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU). This disaccharide donor 7 was glycosylated with 1.5 molar equiv. of 2-(carbobenzoxyamino)-1-ethanol in CH 2 Cl 2 or Et 2 O at À17
C for 1 h, using trimethylsilyl trifluoromethanesulfonate (TMSOTf) as a promoter. Although the spacer-linked glycoside was obtained in a high yield (93%) when CH 2 Cl 2 was used as the solvent, the glycosylation was not stereospecific, giving -glycoside 8a and -glycoside 8b in respective 38% and 55% yields. The identities of these glycosides were determined by comparing the J C-1,H-1 values for each reducing end; the respective J C-1,H-1 coupling constants for 8a and 8b were 179 Hz and 155 Hz. Although the -selectivity was improved by using Et 2 O as the solvent (: 3:2), the combined yield of 8a and 8b was only 69%.
To improve the -stereospecificity of this coupling reaction, the benzyl group at C2 of 7 was replaced with a benzoyl group which would act as an anchimeric assistant. Compound 6 was de-O-benzylated (91%) by hydrogenolysis (Pd/C in EtOAc), and then 2-OH of 9 was benzoylated (benzoyl chloride/pyridine) to give 2-OBz product 10 (96%). Compound 10 was treated with H 2 NHH 2 -AcOH in DMF and then reacted with CCl 3 CN and K 2 CO 3 in CH 2 Cl 2 to give 2-OBz donor 11 (94%). This donor 11 was glycosylated with the same carbamate acceptor under similar conditions to those described for compound 7. Expected and desired -linked spacer 12 was obtained in a 90% yield. Zemplén deacylation of product 12 and subsequent hydrogenolysis (Pd/C) gave the ethylamino glycoside of Hep1-3Hep 13.
As described later, spacer-linked derivatives of Hep(1-3)Hep have been synthesized by other groups. 7, 8) However, the NMR data for these derivatives, especially those of the ''naked disaccharide'' obtained after removing the protecting groups, are incomplete. 7, 9) We therefore include 1 H-and 13 C-NMR data for 13 as a reference in Table 1 . Since the methylene and methyne protons of spacer-linked disaccharide 13, except for the anomeric protons, were located within the range of 0.37 ppm, it was not possible to determine most of their chemical shifts and 3 J coupling constants by a DQF-COSY analysis at 500 MHz. However, the 1 H and 13 C chemical shifts of 13 were determined by comparatively analyzing the DQF-COSY, HMQC and HMBC spectra. The identity of each anomeric proton was determined by the HMBC analysis; the 13 C/ 1 H cross-relay peak due to an anomeric proton at 4.89 ppm and OCH 2 CH 2 NH 2 confirmed this proton to be H-1 of the reducing end. This assignment revealed that the other proton (5.18 ppm) located in a lower field was due to the nonreducing end, as has been found in OS of neisserial LOS. 10, 11) In addition, similar to the anomeric protons, the NMR analysis indicated that C-1 of the non-reducing end was located in a lower field than C-1 0 of the reducing end.
Spacer-linked heptose disaccharides have been synthesized by two different groups in the past. 7 was obtained in an 80% yield by coupling the donor with an allyl alcohol. 7) However, the NMR data for the allyl glycoside and its unprotected derivative were not suitably characterized. No structural data have been given to support that the agylcon was truly -linked, and it is unclear how the 1 H-NMR data of each Hep residue were assigned. Although the unprotected allyl glycoside was obtained in 10 steps from the acceptor with an overall yield of 47%, a drawback of this synthesis was the yield of the acceptor. This acceptor was prepared in a 29% yield from a 2,3-O-isopropylidene derivative of benzyl tri-O-acetyl-heptomannofuranoside. In addition to the low yield, this acceptor could not be utilized for the synthesis of another major branched core oligosaccharide such as 3,4-linked Hep.
The other spacer-linked glycoside, the p-(trifluoroacetamido)phenylethyl compound of Hep1-3Hep, has been synthesized by Garegg et al. 8) They used a thioethyl heptopyranoside as a donor and converted this donor into a 3-OH acceptor carrying an -linked p-(trifluoroacetamido)phenylethyl spacer at the anomeric center. The spacer-linked disaccharide was prepared in a 79% yield by coupling the donor with the acceptor. The thioethyl heptopyranoside used in their study can be converted into a 4-OH acceptor, and is thus more versatile in terms of the synthesis of different branched Hep structures than the 3-OH furanoside donor. Since they synthesized the disaccharide as an intermediate for the synthesis of the trisaccharide, Glc1-4Hep(3-1Hep), their work cannot be directly compared with ours. However, the low yield of the 3-OH acceptor is again a drawback in this case; this acceptor was prepared in six steps from methyl 2,3,4-tri-O-benzylheptopyranoside, the overall yield being only 34%.
Similar to the foregoing work, synthesis of the 3-OH acceptor and spacer-linked Hep1-3Hep has been reexamined by the Oscarson group. The same spacerlinked Hep1-3Hep was obtained in a 95% yield, and a 4-O-phosphorylated disaccharide was prepared from this compound. 9) Although the 13 C data were provided for this unprotected disaccharide, only the anomeric carbons were assigned without any supporting evidence. Although they slightly increased the yield of the 3-OH acceptor in the six-step synthesis, 13) no further improvement in the yield of the 3-OH acceptor has been reported.
There are several advantages in our work in terms of the synthesis of the spacer-linked Hep1-3Hep and partial OS-containing branched Hep structures. Firstly, both the donor and acceptor can be easily prepared in high yields from the respective methyl mannoheptoside and methyl 2-O-benzyl-manno-oct-7-enopyranoside. Secondly, glycosylation of the donor with the acceptor was -stereospecific, and the yield was also high (94%). The synthesis of -spacer-linked disaccharide 12 and its conversion into unprotected ethylamino glycoside 13 were also accomplished in high yields. Finally, 2,3 and 3,4-substituted Hep derivatives can be converted from methyl 2-O-benzyl-mannoenopyranoside as described in the past. 3, 14) This versatile compound could therefore be fully utilized for the synthesis of partial structures containing branched Hep structures expressed in LOS. The structures of all the compounds synthesized in this work were rigorously characterized by 1 H-and 13 C-NMR analyses. The NMR data for most of the compounds are presented here, and some of these data could be utilized as a reference for future work.
Heptosyl donor 2 was glycosylated with 3-OH acceptor 3 to give 1-3 linked disaccharide 4 in the present study. Oxidative cleavage of 4 with osmium tetroxide/ NaIO 4 , and subsequent reduction with NaBH 4 followed by acetylation gave Hep(1-3)Hep derivative 5. Compound 5 was converted to the Hep(1-3)Hep 11 donor containing an O-benzoyloxy group at C2 as an anchimerically assisting group. Glycosylation of donor 11 with 2-(carbobenzoxyamino)-1-ethanol and subsequent Zemplén deacylation and hydrogenolysis gave desired -ethylamino glycoside 13. We therefore were able to synthesize -ethylamino glycoside 13 from acceptor 3 in 12 steps with an overall yield of 47%. The established -selective introduction of the spacer at the reducing end Hep will be applied to other partial OS-containing branched Hep structures expressed in LOS. Protein conjugates of these OSs will be immunochemically examined, and the results will be published elsewhere.
Experimental
Optical rotation data were measured with a Horiba SEPA-200 polarimeter. Melting point data were measured with Yanagimoto micro-melting point apparatus and are uncorrected. We used Vario ELCUBE and Vario EL III instruments for the elemental analysis, and a Waters Synapt HDMS spectrometer (ESI/Q-TOF) for the highresolution MS analysis. All NMR spectra (500 MHz, JEOL JNM-ECP 500) were recorded at 25 C in CDCl 3 or D 2 O. TMS was used as an internal standard for CDCl 3 , and 1% CH 3 CN ( ¼ 119:68 and 1.47 for 13 C) was used for D 2 O. Two-dimensional NMR data (DQF-COSY, HMQC, and HMBC) were processed by the Delta program (JEOL USA) in a similar manner to that described previously.
6,14-16) Merck Silica gel 60 (0.040-0.063 mm) and Merck Silica gel 60 (0.063-0.200 mm) were respectively used for flash and open-column chromatography. Silica gel 60 F 254 (Merck) was used for thin-layer chromatography, the compounds being detected under UV light or by spraying with 10% conc. sulfuric acid in methanol and then heating the plates at 120 C for 5 min. Glycosylation reactions were carried out in an argon atmosphere by using dry solvents. The mixture was filtered through Celite after the reaction had been terminated by adding triethylamine. The filtrate was extracted with CH 2 Cl 2 , and the combined extracts were successively washed with sat. sodium hydrogen bicarbonate and sat. sodium chloride, dried over MgSO 4 and then concentrated to a syrup at under 30 C in vacuo unless otherwise stated.
3) (5.75 g) was acetolyzed at room temperature overnight in a mixture (70 mL) of acetic acid, acetic anhydride, and conc. sulfuric acid (20:10:0.8). The mixture was then treated with sodium acetate, and H 2 O (50 mL) was added. The mixture was extracted with EtOAc (50 mL Â 3), and the combined extracts were successively washed with H 2 O, sat. NaHCO 3 and brine, dried (MgSO 4 ), and concentrated to a syrup. Purification by flash chromatography (toluene:EtOAc ¼ 3:1) gave the title compound as a white solid (11.14 g, 94% C. The aqueous solution was extracted with EtOAc (20 mL Â 3), and the combined extracts were washed with H 2 O and concentrated to a syrup. This syrup was re-dissolved in THF (25 mL), and the mixture was treated with sodium borohydride (142 mg, 3.74 mmol) for 2.5 h at room temperature. The reaction mixture was treated with AcOH and then concentrated to a residue, after repetitive addition of 5% AcOH in methanol and evaporation. The resulting residue was diluted with a mixture of EtOAc (30 mL) and H 2 O (15 mL), and the aqueous solution was extracted with EtOAc (20 mL Â 2). The combined extracts were washed in brine, dried (MgSO 4 ) and then concentrated to a syrup which was dried over P 2 O 5 in vacuo. Acetylation of the syrup with pyridine and acetic anhydride (15 mL each) for 15 h at room temperature and subsequent flash column chromatographic purification (hexane:EtOAc ¼ 2:3) gave the title compound (1.70 g, 80% 
To a chilled solution of 5 (1.60 g, 1.994 mmol) in acetic acid and acetic anhydride (20 mL, 1:1), a mixture of acetic anhydride, acetic acid and conc. sulfuric acid (20 mL, 50:25:2) was added. The mixture was stirred for 15 h at room temperature and then treated in a similar manner to that described for 1. Purification by flash column chromatography (EtOAc:hexane:toluene ¼ 4:1:1) gave title compound 6 (1.54 g, 94% 
A solution of TMSOTf (0.02 mmol, 39 mL) in dry CH 2 Cl 2 (2 mL) was added dropwise to a mixture of 7 (100 mg, 0.010 mmol) and 2-(carbobenzoxyamino)-1-ethanol (30 mg, 0.15 mmol) in CH 2 Cl 2 (4 mL) at À17 C, and the mixture was stirred for 15 min at this temperature. Purification by flash chromatography gave the -and -products in respective 38% (40 mg) and 54% (56 mg) yields. Glycosylation in Et 2 O in the same manner as that just described gave the -and -products in 46% (48 mg) and 23% (24 mg) respective yields. 
A suspension of 6 (690 mg, 0.79 mmol) and Pd/C (10%, 100 mg) in EtOAc (9 mL) was vigorously stirred at room temperature for 2 h in a hydrogen atmosphere. The mixture was filtered through Celite, and the filtrate was concentrated to a syrup. Flash chromatographic purification (hexane:EtOAc ¼ 1:2!1:3) gave title compound 9 (604 mg, 96% A solution of TMSOTf in dry CH 2 Cl 2 (0.010 mmol, 36.6 mL) was added dropwise to a mixture of donor 11 (72 mg, 730 mmol) and 2-(carbobenzoxyamino)-1-ethanol (21 mg, 0.109 mmol) in CH 2 Cl 2 (2 mL) at À20 C, and the mixture was stirred for 20 min at this temperature. The mixture was treated with triethylamine and then filtered through Celite. After adding H 2 O (5 mL) to the filtrate, the aqueous solution was extracted with CH 2 Cl 2 (5 mL Â 3). The combined extracts were successively washed with H 2 O and saturated sodium chloride, and then dried (MgSO 4 ). The organic solution was concentrated to a syrup which was purified by flash chromatography to give the title compound (67 mg, 90% (L-glycero--D-manno-heptopyranosyl)-(1,3) -L-glycero--D-manno-heptopyranoside 13. Compound 13 (40 mg, 39 mmol) was treated overnight at room temperature with 20 mM sodium methoxide in MeOH (3 mL). The mixture was neutralized with Amberlite IR-120 (H þ ) resin and then concentrated to a syrup which was hydrogenolyzed (10% Pd/C, 10 mg) in a mixture of H 2 O:EtOH:AcOH (5 mL, 1:1:1) for 6 h. The mixture was filtered through Celite and concentrated to a syrup. This syrup was dissolved in H 2 O, and the solution was passed through a Sep Pak C18 column to give the title compound (15.5 
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